Large public events such as sporting events, concerts, fairs and street festivals are quite common in metropolitan areas. Because of the high frequency of such events and the increasing number of involved parties, the stakeholders responsible for the organization and execution have to cope with increasing complexity and shortening time frames for planning and preparation. Especially in public transportation, unplanned incidents that occur during these events can have devastating effects because of the high concentration of passengers. Emergency management systems that utilize mobile communication infrastructures can provide prompt information delivery to save human lives. In this contribution we propose a system design for mobile emergency management. We also present an evaluating approach for this system design using a multi-agent based simulation, based on empirical data for a particular large event as well as for normal rush hour traffic. We also consider characteristics of the mobile communication infrastructure.
INTRODUCTION
Large public events such as sporting events, concerts, fairs and street festivals are quite common in metropolitan areas. During these events, the mass of visitors alone can put quite a strain on public transport. Because of the high frequency of such events and the increasing number of involved parties, those being responsible for the organization and execution have to cope with increasing complexity and shortening time frames for planning and preparation. This can lead to several transport and security challenges.
Because of the high concentration of passengers, unplanned incidents that occur during these public events can have devastating effects and may lead to crises and disasters. Furthermore, large events are an attractive target for terrorists, because of the high number of potential victims, and high level of media exposure. In order to mitigate disaster effects and to accelerate the healing process, it is essential to undertake steps to increase the level of disaster preparedness, including infrastructure investments for warning systems and training activities (Johnston et al. 2007 ).
Emergency management systems (EMS) provide the capability to address this dilemma and to enable disaster forces to manage disasters, including detection and analysis of incidents (Carver and Turoff 2007) . Persons in charge should be supported to prepare evacuations, control and support disaster forces and to locate victims (Carver and Turoff 2007) . Since mobile communication infrastructures offer standardized wireless communication services in almost all countries (GSMworld 2010) and allow a fast diffusion of information, they provide a promising technological basis for saving human lives in emergencies. If a disaster event occurs, they enable emergency managers to distribute warnings to the effected areas by cell broadcast to ensure timely warnings of potential victims (Fritsch and Scherner 2005) .
In the German research project VeRSiert (Projekt VeRSiert 2008) such an infrastructure has been proposed for coordinating major events in Cologne (a German city). Following the classical design science approach, the utility, quality, and efficacy of a design artifact must be rigorously demonstrated via well executed evaluation methods (Hevner et al. 2004) . In this research in progress paper we will present our approach to evaluate the proposed artifact. This paper is structured as follows. We first present the methodological framework of our work in section 2. In section 3, we present requirements for emergency management systems from the literature and briefly discuss how current systems rate against these requirements. A system design based on (Scherner et al. 2009 ), that addresses these requirements, is presented in section 4 and in section 5 we outline our approach to evaluate this artifact. Section 6 gives an outlook on the next steps of our research, before we conclude our findings.
METHODOLOGY
We address the introduced problem with a conceptual system design providing a technological basis for emergency management. This system design represents an IT artifact instantiation that aims at contributing to the problem's solution, i.e. at (1) minimizing the impact of the emergencies and at (2) offering novel services to customers. As system architectures, system designs or prototypical software applications, IT artifact instantiations demonstrate the feasibility of an approach developed. Due to its utility-centric focus, design science research contributions present novel IT artifacts and suitable evaluation approaches that address the artifact's appropriateness to contribute to the problems' solution (Nunamaker et al. 1991 ). These two facets of rigorous design science-oriented research contribute to the foundations and the methodologies pool of Information Systems research, i.e. they contribute to its knowledge base (Hevner et al. 2004 ). In the following, we present a design of an emergency management system, which utilizes communication facilities of mobile communication networks. Our system design provides facilities for integrating EMS functionalities and commercial value-adding services on the basis of a common platform. Evaluation is provided by an agent based simulation of passenger egress from Cologne central train station that is based on empirical real life data of passenger movements. Simulation for the evaluation of designed artifacts is discussed in some detail in (Kriz and Hense 2006) (Hevner et al. 2004 ). We follow the classic approach of design science-oriented research (March and Smith 1995) as we first present a developed IT artifact and we second evaluate the artifact's benefits for potential users. Therefore, and e.g. in contrast to behavioral science oriented research, the goal of this contribution is utility, namely the benefits our system design can provide (Simon 1969) . (Scherner et al. 2009 ) derived the following high-level requirements from the literature that need to be addressed by an emergency management system. They comprise (1) system effectiveness (Johnston et al. 2007 ), (2) reliability (Zeckhauser 1996) , (3) cost efficiency (Zeckhauser 1996) , (4) smooth service integration (Ritchie 2004 ), (5) multilateral user interaction (Turoff et al. 2004a ), (6) availability (Faulkner 2001 ) and (7) security (Valtonen et al. 2004 ).
RELATED WORK
They also argued that one of the most crucial requirements for preparedness is that ordinary people are used to the system in order to react on warning signals without any delay (Gruntfest and Huber 1989) . Meeting this requirement is extremely difficult if the system is solely used for warnings. The success of emergency management systems clearly depends on welltrained users being familiar with the service functionalities provided (Turoff et al. 2004b ). For an infrequently used emergency management system, limited practical experience of users can be expected (Manoj and Hubenko Baker 2007) . However, on a technological level, many services used for emergency management systems do not differ from services used in day by day use cases. For example, the upload of a picture could be used to inform emergency managers, but also for online community services. The challenge is that both functionalities have to be integrated in a coherent design, which allows both perspectives and supports the user to become familiar with the functionalities (Scherner et al. 2009 ).
Existing emergency management systems like the GDACS (European Communities 2008) and the SMS-alert initiative in the Netherlands (which is based on the Short Message Service (SMS)) concentrate on disseminating already existing information to a broad audience in case of emergencies, rather than providing multilateral interactions with decision makers. A backchannel for providing reliable information, provided by people in the affected area, could significantly improve the quality of decisions that have to be made by authorities (Sutton et al. 2008 ). Due to applying point-to-point technologies for notifying potential victims, both initiatives require that the recipient has registered in advance which violates the requirement of effectiveness and reliability. 
A MOBILE EMERGENCY MANAGEMENT SYSTEM

Proposed System Design
The proposed system design is an extension of (Scherner et al. 2009 ). To adapt the system design to the event management domain, we have defined roles of the public sector and the event management industry. Figure 1 illustrates how the different parties interact within our system design and which services are provided.
Figure 1: Proposed System Design
The central component in our design is the service platform, which is maintained by the platform operator. The platform communicates with mobile network operators and provides basic services for service providers from the event management industry and the emergency manager via standardized service interfaces. A full list of the implemented basic services is given in the Artifact Implementation section.
The platform operator can be a public or private entity. Its main task is to operate the information system infrastructure and to provide basic services via service interfaces to the involved parties. Several different entities could take on this role. The platform could for example be operated by the city council. The event experience could be improved by new value adding services offered using this platform and by establishing a powerful EMS, signaling preparedness to potential visitors. Also, companies with a strong commitment to the destinations community, such as public transport providers, could take on the role of platform providers. The role of platform operator could also be fulfilled by commercial service providers, who charge for the basic services that are offered over the service platform.
The emergency manager provides all emergency management related services to the public and ensures efficient notifications, which is henceforth classified as service category 1. Furthermore, this role makes services available to the event management sector and its employees (service category 2) in order to help them to prepare for emergencies and to offer guidance in emergency situations. For the implementation of these emergency services, the emergency manager utilizes the basic services provided by the service platform.
The event management industry offers commercial services to visitors (service category 3), which we elaborate in the next subsection. These services are built upon the basic services provided by the service platform, which allows a rapid development of services due to the already existing building blocks. The service aggregation on behalf of the event management industry is realized by the platform operator who acts as information intermediary (Bhargava and Choudhary 2004) , providing n to m links between different entities of visitors and the event management industry. The emergency management system can meet the requirements effectiveness, reliability and cost efficiency by using the same infrastructure for several different use cases. It is not a stand-alone system, which has to be maintained separately and necessary adaptations to changing requirements become more likely. Stakeholders get used to the system in everyday use cases.
Example Scenarios
In order to be able to support several types of public events, we have developed a typology with 16 different dimensions and classified public events according to their particular dimension attributes in (Roßnagel et al. 2008 ). We picked three event scenarios that cover a very broad spectrum of those dimensions for presentation here. Those events are a soccer match, the "Kölner Lichter" and German Kirchentag, a religious grassroots meeting.
Soccer Match Scenario
Soccer matches are events that occur on a weekly basis. They are sporting events that take place in a stadium. They have a rather mild effect on public transport, because they occur very often and authorities and public transport providers have a lot of experience handling the traffic consequences. The event lasts for a couple of hours and attracts less than 100.000 visitors. Most of these visitors are from the local area and some of them may be violent hooligans.
"Kölner Lichter" Scenario
"Kölner Lichter" is an annual event that takes place at the Rhine River in Cologne. Several music bands perform on stage and the music is broadcasted along the riverside. There is no fee for attending the event and it takes place in an open environment. The event ends at midnight with spectacular fireworks that last about half an hour. Usually this event attracts between 500.000 and 1,000,000 visitors. Due to the short timeframe of the main event the peak of visitors associated with it, this event has a huge effect on public transport. However, since this is an annual event, authorities and transport providers can prepare themselves based on prior experiences.
Kirchentag Scenario
Kirchentag ("church day") is a grassroots religious event that takes place annually but changes venues every year. So from the perspective of the city that hosts the Kirchentag, it is a one-time event. It attracts over a million visitors, including a lot of foreigners. Event organizers have a lot of experience, but local authorities and transport providers are usually confronted with this event for the first time. The Kirchentag itself takes place in a non-restricted environment and comprises several subevents that take place at different locations (e.g. stages) all over the city.
Identified Value-adding Services
Based on interviews with stakeholders involved in those scenarios, we identified key services for implementation. The ability to spontaneously communicate with other visitors, using chat or twitter services, is an attractive mobile service in the context of large scale events. Also, the ability to document the event using pictures and videos and to publish them on the internet is of interest to users. Another promising service category are services that support group management, because a lot of the visitors travel to events in groups, and members might be spread out over the event area and might lose sight of each other. In addition, location-based services such as routing to points of interests, e.g. sights, pharmacies or bars with after event specials, could provide added value. A broader discussion of suitable services for those scenarios can be found in (Roßnagel et al. 2008 ).
Artifact Implementation
The service platform provides a centralized access point to the mobile communication infrastructure, which can be utilized for emergency management and commercial mobile value-adding service as described in the previous section. It offers modular basic services that were identified based on the value-adding event management and emergency services. These basic services include: As the same underlying technologies can be used for both value-added and emergency management services economies of scale significantly reduce the associated costs. In addition, by offering a service platform implementing those building blocks, a quick development of value-adding mobile services can be achieved.
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We have implemented a system prototype, based on customized Open Source components for the server side, and using Google's Android 1 platform for implementation of the client application.
On the server side, we use StatusNet's Laconica micro-blogging service 2 (providing support for persistent, asynchronous, bidirectional communication between stakeholders). To also offer a synchronous, non-persistent communication channel allowing for group communications, we use the OpenFire 3 server implementing the eXtensible Messaging and Presence Protocol (XMPP). Both forms of communication are useful in both disaster response and commercial settings.
On the client, components like routing, chat client, micro-blogging connector and friend finder have been implemented using the Android API, in part based on additional online services like Google Maps 4 and components of the mobile phone, e.g. the Global Positioning System (GPS). Further basic services can be implemented as modular components. A rebranding of the client application was integrated, to allow for additional distribution channels, and enabling the system to reap the benefits associated with strong brand names in the context of new product deployment (Tauber 1981 
EVALUATION OF SYSTEM EFFECTIVENESS USING SIMULATION OF PASSENGER EGRESS Evaluation Approach
Obviously, the set-up of a real scenario including real cell phone users, general infrastructure including actor communication, regional distinctions and peer group specialties as well as real emergencies and disasters would increase the effort and the costs of an efficient evaluation immensely, and cause disproportionate danger and possibly even loss of life. Because of this, we use a multi-agent based simulation of passenger egress from a simulation space in order to evaluate the effectiveness of our proposed system design. We compare results for runs including notification of passengers via mobile services with runs where no such notification takes place.
Using this approach, each passenger is represented by an independent software agent. Each agent has a plan which comprises of a series of actions the agent performs or services the agent is using. Services can be any stationary point, where an agent can stop to interact with it. Examples are ticketing machines, train schedules, shops, restaurants, luggage spaces, escalators and elevators. Agents can also carry certain items like luggage or cell phones.
For our simulation we use the CAST platform (Airport Research Center 2009) ( Figure 3 ). It offers a three-dimensional environment and realistic passenger behavior, based on experiences from airport and plane evacuation simulations. We adapted this software to the public transportation domain. We did this by creating a custom simulation space, which is a realistic model of the central train station of Cologne that is based on real geometric data and true to scale. In addition, we defined new services that exist in this train station and are not common in airport terminals such as ticketing machines (see the following sections for details). Figure 4 shows two screenshots of our simulation. Some of the details given in the screenshots, e.g. the visualization of storefronts, are not directly used in the current simulation model, but may later be used to evaluate additional visual communication channels during emergency situations, e.g. using virtual reality as described in (Tang et al. 2009 ). They are also useful for the visualization of simulation results within the scenario, which are helpful in enabling communication of simulation results to various stakeholders and fine tuning of the model. 
Empirical Basis for Simulation
The quality of simulation results depends on the level of detail of the simulation model sufficiently reflecting reality. Information about the topology of the simulation space, location and quantity of passengers, individual agent behavior as well as the capacity of mobile communication cells have to be taken into account in order to get realistic results. Furthermore, statistic information about the distribution of passenger properties such as gender, cell phone usage and state of mind (drunk, aggressive, fearful, uncomfortable, communicative, oblivious) can be important parameters. Once that data has been collected, a variation of parameters inside the model in addition to a high number of simulation runs is used to understand the dependencies between agent properties, their behavior and applied disaster warning strategies.
To achieve a high quality of our simulation runs we gathered the necessary data in the context of the scenarios described above. We based our simulation model on real geometric data of Cologne's central train station. We identified and photographed all service points, exits and platform access, and included representations in our simulation. We also counted the number of passengers entering and leaving the station at all exits during a defined time frame of two hours using 10 minute intervals of measurement. We performed this passenger count for a particular large event ("Kölner Lichter 2009") as well as for normal rush hour traffic. In order to acquire information about the particular plans of passengers, we used the method of single person pursuit. The researchers picked random passengers to follow and to record their activities during their stay in the central train station. Based on these activity reports, the plans of the simulation agents were developed. The simulation of passenger movements was evaluated by comparing it to data acquired via real-time video analysis at the station (Junker et al. 2010 ).
We also obtained information about location, capacity and range of the mobile communication cells in the central station from the network providers, and interviewed experts to determine holistic assessments of the most relevant factors to limit the complexity of the model, i. e. we do not want to simulate the propagation of radio waves to determine the spectral efficiency that can be expected for the base stations. Our interviews showed that simplifying assumptions can be made without impacting the overall quality of the simulation results.
Calibration of Simulation Model to Scenario
Several adjustments were made to the simulation of the underlying mobile infrastructure and agent behavior. In order to enable a certain mobile phone provider to send evacuation messages to a dedicated cell, the component Mobile Cell has been developed. On request, this simulation object sends messages to agents if they are located in the range of the cell. The agent can adjust its current path and planned route dependent on the message that has been sent.
To quantify the effectiveness of our artifact we identified several potential key performance indicators (KPI) (measurable performance indicators that can be obtained during a simulation run in a predefined scenario). For the initial runs, we chose as single KPI the time that was used for evacuating the train station after a bomb alert. To prove the reproducibility and to ensure reliable results, multiple simulation runs of the same scenario were performed. In order to test the efficiency of a dedicated broadcast message to the persons inside a room, a simulation model with bidirectional person flow from exit A to exit B was created ( Figure 5 ). The functional components flow generator, distributor, and property interpreter are used to configure the passenger flow.
The green area which covers the whole room represents the mobile cell which will send a dedicated evacuation recommendation during the simulation run to all persons inside the influence area of the cell. Depending on the message received, agents' plans will be changed.
Initial Simulation Results
Two different scenarios have been built to prove that a dedicated evacuation message leads to a faster evacuation.
Case 1 -without additional exit ( Figure 6 ): The first model setup shows what happens if the passengers are not aware of the additional exit in the rear area of the building -the persons decide for the closest exit A or B, thus generating congestion at both exits. This is in line with the topological structure of Cologne station, which has a hard to find back exit that is widely ignored by passengers. Figure 6 : Case 1 -Without additional exit Case 2 -using an additional exit (Figure 7) : In the second case, egress is faster -this is because an additional exit will be used by the passengers once they have been informed about it by a text message. Holistically speaking, passengers are much more evenly distributed across available space and emergency exits due to the mobile notification. The reaction of the passengers as well as the functionality of the mobile components can easily be configured and evaluated in CAST once the appropriate components have been developed. However, even the initial results show a clear advantage enabled by mobile alerting measures in the given scenario ( Figure 8 ). 
NEXT STEPS
In order to bridge the gap between reality and the simulation model iteratively, we plan to use both videos illustrating simulation results based on our model of passenger movements and the prototype demonstrator based on the underlying design artifact to enable stakeholder feedback. By continuous refinement of the existing object models and the calibration of simulation parameters against the real behavior of the agents, the model will converge to reflect a representation of the mobile emergency management scenario that is shared by all stakeholders. Additionally, the functionality of the artifact can also be fine tuned in additional iterative cycles as mandated by our approach (Hevner et al. 2004 ).
The demonstrated model represents a very simple case. In future models, more detailed mobile cell and phone configuration shall be used. For instance, it will be interesting to see how the passenger agent behavior and the overall evacuation time and model behavior changes dependent on different parameter settings. Such parameters could be message delays, reduced signal reception, dedicated communication between mobile phone providers etc. Further KPIs, e.g. avoided injuries due to congestion situations, can also be considered.
CONCLUSION
During large public events, the mass of visitors alone can put quite a strain on the public transport system. Unplanned incidents that occur during these events can have devastating effects and can lead to crises and disasters. Emergency management systems based on mobile communications could be used to mitigate the effects of such incidents. We adapted the system design proposed by (Scherner et al. 2009 ) for a mobile emergency system for tourist destinations to the event management domain. In order to evaluate the effectiveness of this system design we performed a multi-agent based simulation. This approach promises to be quick, powerful, flexible and cost-efficient. Also, it allows the creation of scenarios which can not be created in reality, because this would require the endangerment of passengers on a large scale. In order to achieve a realistic representation of the passenger movements we gathered a large amount of empirical data.
